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(57) ABSTRACT

An exhaust gas recirculation structure includes an EGR
cooler and an EGR duct, and the EGR duct includes an
inflow portion mto which the exhaust gas flowing out from
the EGR cooler flows, a flow path, and an outtlow portion
from which the exhaust gas flows out. The flow path 1s
provided such that the height on the side of the inflow
portion 1s lower than the height on the side of the outflow
portion, and has a region in which the distance between the
center line of a flow path cross section of the tlow path and
a line along the lowest end 1n the height direction gradually
increases irom the outflow portion side toward the intlow
portion side.
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EXHAUST GAS RECIRCULATION
STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application claims priority to Japanese Patent
Applications number 2022-45733, filed on Mar. 22, 2022.

The contents of this application are incorporated herein by
reference in their entirety.

BACKGROUND OF THE INVENTION

Conventionally, a vehicle 1s provided with an exhaust gas
recirculation structure. Japanese Patent Application Laid-
Open No. 2019-7389 discloses an EGR duct which 1s
provided above an engine and through which exhaust gas
flowing out from an EGR cooler 1s passed toward an inlet
manifold.

Since condensed water 1s generated in the EGR duct, 1t 1s
necessary to discharge the condensed water from the EGR
duct to a predetermined position. The conventional technol-
ogy has a problem 1n that 1t 1s diflicult to configure a
structure for discharging condensed water in the EGR duct
to a predetermined position while preventing an increase in
size of the engine room.

BRIEF SUMMARY OF THE

INVENTION

It 1s an object of the present invention to provide an
exhaust gas recirculation structure 1n which condensed water
1s easily discharged from the EGR duct, while suppressing
an mcrease 1n the size of the EGR duct 1n the height direction
of the vehicle.

According to a first aspect of the present invention,
provided 1s an exhaust gas recirculation structure, including;:
an EGR cooler provided 1n an EGR passage that causes
exhaust gas to be recirculated from an exhaust passage of an
engine of the vehicle to an intake passage; and an EGR duct
that 1s provided 1n the engine and passes the exhaust gas
flowing out from the EGR cooler toward the intake passage.
The EGR duct includes: an inflow portion into which the
exhaust gas flowing out from the EGR cooler flows; a tlow
path through which the exhaust gas flowing in from the
inflow portion flows; and an outtlow portion from which the
exhaust gas tlowing through the flow path flows out. The
flow path 1s provided such that a height thereot on the tlow
path side becomes lower than a height thereof on the outflow
portion side, and has a region 1n which a distance between
a center line of a flow path cross section of the flow path and
a line along a lowest end 1n the height direction of the tlow
path cross section becomes gradually larger from the out-
flow portion side toward the inflow portion side.

BRIEF DESCRIPTION OF THE

DRAWINGS

FIG. 1 shows a state 1n which an exhaust gas recirculation
structure according to the present embodiment 1s provided 1n
an engine.

FIG. 2A shows a structure 1n the vicinity of an EGR duct
when the exhaust gas recirculation structure shown in FIG.
1 1s provided 1n the engine, viewed from the rear side of a
vehicle.

FIG. 2B shows a structure of the EGR duct and a head
cover when the exhaust gas recirculation structure shown 1n
FIG. 1 1s provided 1n the engine, viewed from the front side
of the vehicle.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 3A 1s a cross-sectional view
X1-X1 of FIG. 2A.

FIG. 3B 1s a cross-sectional view
X2-X2 of FIG. 2A.

FIG. 3C 1s a cross-sectional view
X3-X3 of FIG. 2A.

FIG. 3D 1s a cross-sectional view
X4-X4 of FIG. 2A

FIG. 3E 1s a cross-sectional view
X5-X5 of FIG. 2A

FIG. 4A shows a flow path with a flow path cross section
that gradually changes from the circular shape to the quad-
rangular shape, in the longitudinal direction.

FIG. 4B shows a circular flow path cross section at one
end of the flow path.

FIG. 4C shows a quadrangular flow path cross section at
the other end of the flow path.

FIG. 5 shows a structure in the vicinity of a head cover
when the exhaust gas recirculation structure shown in FIG.
1 1s provided 1n an engine, as viewed from above.

FIG. 6 A shows a state 1n which a tool comes 1nto contact
with coupling members on respective sides of an inflow
portion of the EGR duct.

FIG. 6B shows a state 1n which a tool 1s in contact with
coupling members on respective sides of an inflow portion
of an EGR duct, serving as a comparative example.

FIG. 7 shows a state of the head cover when the head
cover 1s detached from a cylinder head body.

taken along a line

taken along a line
taken along a line
taken along a line

taken along a line

DETAILED DESCRIPTION OF

EMBODIMENTS

Heremaftter, the present disclosure will be described
through exemplary embodiments, but the following exem-
plary embodiments do not limit the invention according to
the claims, and not all of the combinations of features
described 1n the exemplary embodiments are necessarily

essential to the solution means of the invention.
[State 1n which the F

Exhaust Gas Recirculation Structure S 1s
Provided 1n the Engine E]

FIG. 1 1s a view showing a state 1n which an exhaust gas
recirculation structure S according to the present embodi-
ment 1s provided 1n an engine E. The exhaust gas recircu-

lation structure S has an EGR (Exhaust Gas Recirculation)
passage 1, an EGR cooler 2, and an EGR duct 3.

The EGR passage 1 1s a passage for recirculating exhaust
gas from an exhaust passage (not shown) of the engine E of
the vehicle to an intake passage (not shown). The engine E
1s a gasoline engine or a diesel engine, for example. The
engine E includes a cylinder head body 4 and a head cover
5. The cylinder head body 4 houses an intake valve (not
shown), an exhaust valve (not shown), a cam shait (not
shown), and the like. The head cover 5 covers the cylinder
head body 4 from above. The head cover 3 1s attachable to
and detachable from the cylinder head body 4.

The exhaust passage 1s a passage through which exhaust
gas generated 1in the combustion chamber of the engine E
flows. The exhaust passage includes an exhaust pipe, for
example. The exhaust passage 1s provided on the rnight side
of the engine E shown 1 FIG. 1. Since high-temperature
exhaust gas flows through each component (e.g., exhaust
passage and the like) on the exhaust side of the engine E,
these components are often made of cast iron or the like
having a suflicient thickness.

The 1ntake passage 1s a passage through which air flows
toward the combustion chamber of the engine E. The intake
passage includes an intake manifold, for example. The

intake passage 1s provided on the left side of the engine E
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shown in FIG. 1. In order to reduce the weight of each
component (e.g., the intake passage and the like) on the
intake side of the engine E, an aluminum material or a resin
having a thin thickness 1s often used.

The EGR cooler 2 cools the exhaust gas flowing into the
EGR cooler 2. The EGR cooler 2 cools the exhaust gas by
exchanging heat between the exhaust gas and cooling water.
The EGR cooler 2 1s provided 1n the EGR passage 1. One
end of the EGR cooler 2 1s connected to an exhaust passage.
The exhaust gas tlowing out from the exhaust passage tlows
into the EGR cooler 2.

The EGR duct 3 1s a component for passing the exhaust
gas flowing out from the EGR cooler 2 toward the intake
passage. The EGR duct 3 1s provided in the EGR passage 1.
One end of the EGR duct 3 i1s connected to the other end of
the EGR cooler 2. The exhaust gas flowing out from the
EGR cooler 2 flows imto the EGR duct 3. The other end of
the EGR duct 3 1s connected to the intake passage. The
exhaust gas flowing out from the EGR duct 3 flows into the
intake passage. The EGR duct 3 1s provided above the
engine E, for example.

Specifically, the EGR duct 3 i1s provided above the head
cover 5 1 a state where the longitudinal direction of the
EGR duct 3 extends 1n the width direction of the engine E.
Note that FIG. 1 only shows an example of the layout of the
EGR duct 3. In addition to the example in which the EGR
duct 3 1s provided above the head cover 5 as shown 1n FIG.
1, the EGR duct 3 may be disposed 1n front of or behind the
cylinder head body 4.

[Structure of the EGR Duct 3]

FIGS. 2A and 3B are each a view showing a structure of
the EGR duct 3. FIG. 2A 1s a view showing a structure in the
vicinity of the EGR duct 3 in a state where the exhaust gas
recirculation structure S shown in FIG. 1 1s provided in the
engine E, as viewed from the rear side of the vehicle. FIG.
2B 1s a view showing a structure of the EGR duct 3 and the
head cover 5 1n a state where the exhaust gas recirculation
structure S shown i FIG. 1 1s provided in the engine E,
viewed from the front side of the vehicle.

FIGS. 3A to 3E are each a cross-sectional view of the
EGR duct 3. FIG. 3A 1s a cross-sectional view taken along
the line X1-X1 of FIG. 2A. FIG. 3B 15 a cross-sectional view
taken along the line X2-X2 of FIG. 2A. FIG. 3C 1s a
cross-sectional view taken along the line X3-X3 of FIG. 2A.
FIG. 3D 1s a cross-sectional view taken along the line X4-X4
of FIG. 2A. FIG. 3E 1s a cross-sectional view taken along the
line X35-X5 of FIG. 2A. The positions of the line X2-X2, the
line X3-X3, and the line X4-X4 in the longitudinal direction
of the EGR duct 3 correspond to the positions of %4, 14, and
%4 distances from the line X1-X1 when the distance between
the line X1-X1 and the line X35-X5 1s set to 1.

The EGR duct 3 includes an inflow portion 31, a tlow path
32, and an outtlow portion 33. The intlow portion 31 1s a
portion into which the exhaust gas flowing out from the EGR
cooler 2 flows. The inflow portion 31 has an opening through
which the exhaust gas flows. The tlow path 32 1s a portion
through which the exhaust gas flowing 1n from the inflow
portion 31 flows. The outflow portion 33 1s a portion where
the exhaust gas flowing through the flow path 32 flows out.
The outflow portion 33 has an opening through which the
exhaust gas flowing through the flow path 32 flows.

As shown in FIGS. 2A and 2B, the flow path 32 1s
provided such that the height of the tlow path 32 on the side
of the intlow portion 31 1s lower than the height of the tlow
path 32 on the side of the outflow portion 33. In other words,
the tlow path 32 1s formed so as to gradually become lower
toward the exhaust side of the engine E.
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4

Since the exhaust gas cooled by the EGR cooler 2 flows
inside the EGR duct 3, condensed water, which 1s a liquid
containing an exhaust gas component, 1s generated by con-
densation of moisture. Since the condensed water contains a
high concentration of exhaust gas components, when the
condensed water comes 1nto contact with each component
(aluminum material or resin material) on the intake side,
these components may be corroded and damaged.

For this reason, the EGR duct 3 preferably has a structure
in which condensed water 1s accumulated on the exhaust
side of the engine E (the components in this portion being
made of cast 1ron or the like having a suflicient thickness).
In the exhaust gas recirculation structure S, since the tlow
path 32 1s provided such that the height of the flow path 32
on the inflow portion 31 side becomes lower than the height
of the flow path 32 on the outflow portion 33 side, the
condensed water can flow from the intake side of the engine
E to the exhaust side of the engine E. Therefore, intrusion of
condensed water into the itake side can be prevented, and
cach component on the intake side can be protected.

As shown 1 FIG. 2A, the flow path 32 has a region 1n
which the distance between the center line L1 of the flow
path cross section of the flow path 32 and the line L2, which
1s along the lowest end 1n the height direction of the tlow
path cross section of the tlow path 32, gradually increases
from the outtlow portion 33 side toward the intlow portion
31 side. The center line L1 1s a line along the center point of
the tlow path cross section of the flow path 32. The line L2
along the lowest end 1s a line formed by connecting a
plurality of points positioned at the lowest end inside the
flow path 32, i the longitudinal direction of the flow path
32. The condensed water 1n the flow path 32 tflows along the
line L2.

As shown 1 FIGS. 3A to 3E, the tlow path 32 has a
cross-sectional area that 1s constant, as an example, and the
flow path cross section gradually changes from a circle to a
polygon from the outtlow portion 33 side toward the end
portion on the inflow portion 31 side. Specifically, the flow
path cross section of the flow path 32 gradually changes
from a circle to a quadrangular shape from the outtlow

portion 33 side toward the end portion on the inflow portion
31 side. More specifically, the flow path cross section of the
flow path 32 1s formed 1n a shape 1n which one of the corners
of the quadrangular shape 1s positioned at the lowest end, 1n
the region having the quadrangular cross section. With such
a configuration, as shown 1n FIGS. 3A and 3E, the distance
d from the center line L1 to the lowest position gradually
increases. As a result, as shown 1n FIG. 2A, the distance
between the center line L1 and the lmme L2 gradually
increases toward the iflow portion 31 side.

The fact that the distance between the center line L1 and
the line L2 gradually increases toward the intflow portion 31
side means that the inclination angle of the line L2 corre-
sponding to the gradient of the flow path through which the
condensed water tlows can be made larger than that of the
center line L.1. According to the EGR duct 3 of the present
embodiment, the condensed water can be easily discharged
by such a configuration.

FIGS. 4A to 4C are each a diagram schematically showing
a flow path 7 with a flow path cross section that gradually
changes from a circular shape to a quadrangular shape. FIG.
4A 1s a diagram showing the flow path 7 with the tlow path
cross section that gradually changes from the circular shape
to the quadrangular shape, 1n the longitudinal direction. FIG.
4B 1s a diagram showing the circular flow path cross section
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at one end of the tflow path 7. FIG. 4C 1s a diagram showing
the quadrangular flow path cross section at the other end of

the flow path 7.

In the flow path 7, when the area of the circular flow path
cross section (FIG. 4B) and the area of the quadrangular
flow path cross section (FIG. 4C) are both 1, by arranging
the quadrangular flow path cross section so that one corner
of the quadrangular shape 1s positioned at the lowest end, the
height (1.41) of the quadrangular flow path cross section |,
becomes larger than the height (1.13) of the circular flow
path cross section. As a result, when the upper end of the
flow path 7 1s horizontal, the lowest end of the quadrangular
flow path cross section 1s positioned lower than the lowest
end of the circular flow path cross section. Therefore, the 15
inclination angle of the lower end of the flow path 7 1is
increased. Such an eflect can also be obtained 1n a case
where the cross section of the flow path 1s, for example, a
polygon such as a triangle, a pentagon, or a hexagon.

: : C 20
In the exhaust gas recirculation structure S, even 1f the

inclination angle of the EGR duct 3 with respect to the
horizontal direction 1s made relatively small, a suflicient
angle of the floor surface of the flow path 32 through which
the condensed water tlows 1n the EGR duct 3 with respectto 4
the horizontal direction can be easily ensured. Therefore, in
the exhaust gas recirculation structure S, the condensed
water can be easily discharged from the EGR duct 3, while
suppressing an increase in the size of the EGR duct 3 1n the
height direction of the vehicle. 30

In the exhaust gas recirculation structure S, the EGR duct
3 having the flow path 32 described above 1s provided. When
the exhaust gas flows from the intlow portion 31 side toward
the outtlow portion 33 side, the cross section of the flow path
gradually changes from a polygon to a circle, so that
pressure loss can be reduced.

35

Further, 1n the exhaust gas recirculation structure S, the
EGR duct 3 having the flow path 32 with the flow path cross
section formed with a quadrangular shape having one corner 40
positioned at the lowest end of the tlow path cross section 1s
provided, as described above. Therefore, the condensed
water 1n the EGR duct 3 accumulates inside this corner of
the quadrangle, so that the condensed water can easily tlow.

As shown 1n FIG. 2A, the center line L1 of the flow path
cross section of the flow path 32 and the line L2 along the
lowest end 1n the height direction of the flow path cross

section of the flow path 32 are both straight lines. In the
exhaust gas recirculation structure S, since both the center
line L1 and the line L2 along the lowest end are straight
lines, the bending portion of the EGR duct 3 is reduced, so
that the pressure loss of the EGR duct 3 can be reduced.
Further, although the flow path of the present embodiment
has a relatively complex cross-sectional shape, in a case .4
such as this where the center line L1 and the line L2 are
straight lines, for example, 1t 1s easy to form components.
The center line L1 and the line 1.2 may extend 1n a direction
orthogonal to a direction 1n which a plurality of cylinders of
the engine E are arranged, for example. 60

45

Further, 1n the exhaust gas recirculation structure S, since
the flow path 32 through which the exhaust gas and the
condensed water flow can be shortened, the weight of the
EGR duct 3 can be reduced. In addition, since the bending
portion of the EGR duct 3 1s reduced, 1t 1s more dithicult for 65
stress concentration due to heat or vibration to occur, and so

the EGR duct 3 i1s less likely to be damaged.

6

[Placement of the EGR Duct 3 with Respect to the Head
Cover 5]

FIG. 5 15 a view showing a structure in the vicinity of the
head cover 5 when the exhaust gas recirculation structure S
shown 1n FIG. 1 1s provided 1n the engine E, as viewed from
above.

The engine E has a plurality of coupling members 6. Each
coupling member 6 1s a component for fixing the head cover
5 to the cylinder head body 4. Each coupling member 6 1s
a bolt, for example. The plurality of coupling members 6 are
arranged at the edge of the head cover 5. The head cover 5
1s fixed to the cylinder head body 4 by 1nserting the coupling
members 6 1nto holes (not shown) formed 1n the head cover
5 and holes (not shown) formed in the cylinder head body 4,
and fastening the coupling members 6.

The user can remove the head cover 5 from the cylinder
head body 4 1n a state where the plurality of coupling
members 6 are detached from the head cover 5 and the
cylinder head body 4. Specifically, the user can remove the
head cover 5§ from the cylinder head body 4 by moving the
head cover 5 toward the front side of the vehicle with respect

to the cylinder head body 4 in a state where the plurality of
coupling members 6 are detached from the head cover § and

the cylinder head body 4.

As shown 1n FIG. §, the EGR duct 3 1s provided above the
head cover 5 so as not to be positioned above the plurality
of coupling members 6. By providing the EGR duct 3 in the
exhaust gas recirculation structure S, when the valve clear-
ance 1s to be adjusted, for example, the plurality of coupling
members 6 can be detached from the head cover 5 and the
cylinder head body 4 without detaching the EGR duct 3 and
the EGR cooler 2. Therefore, 1n the exhaust gas recirculation
structure S, the head cover 5 can be easily detached from the
cylinder head body 4.

FIGS. 6A and 6B are each a view showing a state of the
inflow portion 31 of the EGR duct 3 with respect to the head
cover 5. FIG. 6A 1s a view showing a state 1n which a tool
V comes mto contact with the coupling members 6 on
respective sides of the intlow portion 31 of the EGR duct 3.
FIG. 6A corresponds to a cross-sectional view taken along
the line Y-Y of FIG. 5. FIG. 6B 1s a view showing a state in
which the tool V 1s 1n contact with the coupling members 6
on respective sides of an inflow portion 91 of an EGR duct
9, serving as a comparative example.

As shown 1n FIG. 6A, the inflow portion 31 of the EGR
duct 3 1s inclined with respect to the head cover 5, such that
the distance between the inflow portion 31 and the head
cover 3 increases toward the front of the vehicle. As shown
in FIG. 6B, when the intlow portion 91 of the EGR duct 9
1s not inclined with respect to the head cover 5, since the
length of the intlow portion 91 in the longitudinal direction
of the vehicle 1s greater than the length between the plurality
of coupling members 6 1n the longitudinal direction of the
vehicle, the tool V that loosens the plurality of coupling
members 6 interferes with the inflow portion 91.

On the other hand, as shown 1n FIG. 6A, 1n the exhaust
gas recirculation structure S, since the intlow portion 31 of
the EGR duct 3 1s inclined with respect to the head cover 5
such that the distance between the inflow portion 31 and the
head cover 5 increases toward the front of the vehicle, the
length of the intflow portion 31 in the longitudinal direction
of the vehicle 1s less than the length between the plurality of
coupling members 6 1n the longitudinal direction of the
vehicle. As a result, 1n the exhaust gas recirculation structure
S, the tool V that loosens the coupling member 6 does not
interfere with the inflow portion 31.
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FIG. 7 1s a view showing a state of the head cover S when
the head cover 5 1s detached from the cylinder head body 4.
FIG. 7 corresponds to a cross-sectional view taken along the
line Z-7Z of FIG. 5. In the exhaust gas recirculation structure
S, as described above, the inflow portion 31 of the EGR duct
3 1s inclined with respect to the head cover 3 so that the
distance between the inflow portion 31 and the head cover
5 increases toward the front of the vehicle. Therefore, a gap
1s formed between the lower surface of the intlow portion 31
and the head cover 5 fixed to the cylinder head body 4, and
the gap widens toward the front side. In other words, as
shown 1n FIG. 7, a lower surface of the inflow portion 31 1s
inclined with respect to the head cover 5, such that the
vertical distance between the intlow portion 31 and the head
cover 5 increases toward a direction 1n which the head cover
5 moves when the head cover 5 1s detached from the cylinder
head body 4.

As a result, as shown 1n FIG. 7, when the head cover 5 1s
detached from the cylinder head body 4 and moved to the
front side of the vehicle, the head cover 5 can be inclined
with respect to the horizontal direction, such that the front
side of the head cover 5 1n the longitudinal direction of the
vehicle 1s positioned higher than the rear side of the head
cover 5 1n the longitudinal direction of the vehicle. There-
fore, 1n the exhaust gas recirculation structure S, the head
cover 5 can be easily detached from the cylinder head body
4.

As shown 1n FIGS. 2A and 2B, the lower surface of the
EGR duct 3, when viewed from the rear side of the vehicle
and the front side of the vehicle, has a shape following the
upper surface of the head cover 5, and a gap 1s formed
between the lower surface of the EGR duct 3 and the upper
surface of the head cover 5, for example. Since the exhaust
gas recirculation structure S has such an EGR duct 3, the
head cover 5 can be moved upward with respect to the
cylinder head body 4 when the head cover 5 1s detached
from the cylinder head body 4. As a result, 1n the exhaust gas
recirculation structure S, the head cover 5 can be easily
detached from the cylinder head body 4.
|[Effects of the Exhaust Gas Recirculation Structure S
According to the Present Embodiment]

The exhaust gas recirculation structure S according to the
present embodiment includes the EGR duct 3, which 1s
provided such that the height of the inflow portion 31 side
1s lower than the height of the outtlow portion 33 side and
includes the flow path 32 having a region in which the
distance between the center line L1 of the flow path cross
section of the flow path 32 and the line L2 along the lowest
end 1n the height direction of the flow path cross section of
the flow path 32 gradually increases from the outflow
portion 33 side toward the intlow portion 31 side.

As a result, in the exhaust gas recirculation structure S,
even 1f the inclination angle of the EGR duct 3 with respect
to the horizontal direction 1s small, a suflicient angle of the
bottom surface of the flow path 32, through which the
condensed water tlows in the EGR duct 3, with respect to the
horizontal direction can be easily ensured. Therefore, in the
exhaust gas recirculation structure S, the condensed water
can be easily discharged from the EGR duct 3, while
suppressing an increase in the size of the EGR duct 3 1n the
height direction of the vehicle.

Although the embodiments of the present invention have
been described above, the technical scope of the present
invention 1s not limited to the embodiments described
above, and various modifications and changes can be made
without departing from the scope of the present invention.
For example, all or a portion of the device may be func-
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tionally or physically distributed and integrated in arbitrary
umts. Further, new embodiments resulting from arbitrary
combinations of a plurality of embodiments are also
included 1n the embodiments of the present invention. The
cllect of the new embodiment caused by the combination has
the eflect of the original embodiment.
What 1s claimed 1s:
1. An exhaust gas recirculation structure, comprising;:
an EGR cooler provided 1n an EGR passage that causes
exhaust gas to be recirculated from an exhaust passage
of an engine of the vehicle to an intake passage; and
EGR duct that 1s provided 1n the engine and passes the
exhaust gas flowing out from the EGR cooler toward
the intake passage, wherein
the EGR duct includes:

an intlow portion into which the exhaust gas flowing
out from the EGR cooler flows;

a flow path through which the exhaust gas flowing 1n
from the flow portion flows; and

an outflow portion from which the exhaust gas flowing
through the flow path flows out, and

the flow path 1s provided such that a height thereof on the
flow path side becomes lower than a height thereof on

the outtlow portion side, and has a region in which a

distance between a center line of a flow path cross

section of the flow path and a line along a lowest end
in the height direction of the tlow path cross section
becomes gradually larger from the outflow portion side
toward the iflow portion side.
2. The exhaust gas recirculation structure according to
claim 1, wherein
the center line and the line along the lowest end are both
straight lines.
3. The exhaust gas recirculation structure according to
claim 1, wherein
the flow path cross section of the flow path has a constant
cross-sectional area, and gradually changes from a
circle to a polygon from the outflow portion side
toward an end portion on the mflow portion side.
4. The exhaust gas recirculation structure according to
claim 3, wherein
the flow path cross section of the flow path gradually
changes from a circular shape to a quadrangular shape
from the outtlow portion side toward the end portion on
the inflow portion side, and 1n the region of the flow
path cross section having the quadrangular shape, one
corner of the quadrangular shape 1s positioned at the
lowest end of the flow path cross section.
5. The exhaust gas recirculation structure according to
claim 4, wherein
the engine includes:

a cylinder head body that houses an intake valve, an
exhaust valve, and a camshatft;

a head cover that 1s attachable to and detachable from
the cylinder head body and covers the cylinder head
body from above; and

a plurality of coupling members for fixing the head cover
to the cylinder head body, by being inserted from above
into holes formed in the head cover and holes formed
in the cylinder head body; and

the EGR duct 1s provided with a shape which 1s positioned
above the head cover but not positioned above the
plurality of coupling members.

6. The exhaust gas recirculation structure according to

claim 5, wherein

a lower surface of the inflow portion 1s 1nclined with
respect to the head cover, such that a vertical distance

dIl
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between the inflow portion and the head cover
increases toward a direction in which the head cover

moves when the head cover 1s detached from the
cylinder head body.
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